The following article is reprinted, with permission, from 
Ecology Bulletin (Vol. 5, No. 2, 1981), Department of 
Biology, Trent University. It will be of particular interest to 
those who heard one of the authors, Dr. Peter Adams, give 
the Keynote address to the 1980 OAGEE fall conference in 
Peterborough. The article deals with a practical approach 
to the study of the evolution of snowcover including a 
meaningful way of recording and displaying information 
gathered in the field. (the Editor) 


Snowcover should not be confused with snowfall. Al- 
though a snowcover is composed of accumulated snow- 
falls, the amount of snow lying on the ground bears little 
relation, in many situations, to the amount of snow which 
fell during preceding weeks. Also, in most cases, the 
nature of snow on the ground is quite unlike that which fell. 

Snow is a form of ice which changes very rapidly in 
response to changes in its environment, particularly changes 
in temperature. Thus snow which reaches the earth's 
surface as easily recognizable crystals, is rapidly trans- 
formed into grains of ice which vary in shape and size 
according to circumstances. As a result of these changes, 
“metamorphism”, layers of new fallen snow compact more 
or less rapidly, in some cases to the pofrt where they 
become layers of solid ice. Under particular circumstances, 
entirely new crystals can develop in a snowpack... a 
process known as constructive or temperature gradient 
metamorphism as distinct from the destructive or equi- 
temperature metamorphism which promotes compaction 
of the cover (LaChapelle, 1977). As these terms suggest, 
the presence or absence of a temperature gradient in the 
cover is a key control here. 

Thus snowfall changes rapidly when it becomes part of a 
snowcover and, except in situations of prolonged extreme 
cold, metamorphic change is a natural feature of the 
snowcover throughout its entire life. This means that, even 
in the absence of new falls of snow or melting, the 
properties of a snowpack are more or less constantly 
changing, producing changes in the environment in which 
both plants and animals must exist. 

It has been suggested (Pruitt, 1981) that most of Canada’s 
forests could not exist without the insulating effect of the 
annual snowcover. Onasmallerscale...the scale of afield 
mouse...itis not only the insulating properties of the snow 
that are important but also the composition of the bottom 
layers of the pack. If this layer is exceedingly hard packed 
the movement of animals beneath the snow is severely 
restricted. The composition of the snow is also of great 
importance to those animals which travel on top of it. Some 
of the most severe deer-kills occur during winters where 
the surface layers of the snow become strong enough to 
support the weight of wolves and dogs but not strong 
enough to support the deer. The deer break through the 
crust, becoming vulnerable to attack. Thus the various 
layers of a snowpack may have quite different properties 
and these change as metamorphism proceeds. 

The importance of an appreciation of the fact that a 
snowcover is a dynamic phenomenon is dramatically 
illustrated in some snow avalanche situations (see Schaerer, 
1981), A.snowpack which provides a safe ski slope in the 
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morning can become a serious hazard in the afternoon, 
without gain or loss of mass, simply as a result of changes 
in the internal properties of one or more of its layers. 

It is therefore important, when trying to gain an under- 
standing of snowcover and its roles, to monitor its “in- 
ternal” evolution rather than simply the accumulaticn of 
snow on the ground. This presents a problem as most 
measurements of snow are destructive in nature. Thus, for 
example, once a pit has been dug for snow measurement 
purposes, the site concerned cannot be used again to 
determine what natural changes have taken place. 


The time profile technique 

Acommon and practical way of getting around this is the 
use of a “time profile site”. This is a location at which a 
series of adjacent pits are dug, during a winter, so that the 
evolution of identifiable layers can be followed. Full details 
of time profile techniques and equipment are provided in 
Adams and Barr (1974, and Badar, 1939). Normally time 
profile work is conducted at sheltered sites so that re- 
distribution of snow by wind does not complicate the 
recognition of layers in successive pits. Normally, too, a 
formal time profile site is set up so that some layers can be 
marked for positive identification at a later date. However, 
it is possible to achieve worthwhile results, using the time 
profile approach, simply by digging and comparing obser- 
vations from a series of snow pits in any area which is not 
likely to be disturbed for prolonged periods during a winter. 

This article is an illustration of the potential of this 
approach and of the principles of time profile work. Two 
sets of data collected during the winter of 1980-1981 are 
presented, one from a pasture (Figure 1), the other froma 
cedar bush (Figure 2). The sites concerned are within a 
couple of hundred metres of each other and are close to 
the Trent University Weather Station, the source of clima- 
tological data presented here. These stratigraphic dia- 
grams, among other things, illustrate the range of snow 
conditions which can develop within a very small area - 
presumably from the same falls of snow. 
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Several articles in this publication examine the role 
professional engineers may play in putting food “on the 
tables”. The article titled “Recipe for Ontario Agriculture” 
by C. Mucklestone examines several ideas for increasing 
agricultural yields, and/or lowering the cost of food pro- 
duction in Ontario. An additional article titled ‘“Hydro’s 
Residual Energy Benefits — industry and agriculture” by D. 
Haycock looks at the use of excessive thermal energy and 
especially the Bruce AgriPark Joint Venture using warm 
water from the Bruce Nuclear Power Development. 
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$12.00 for 6 issues/y2ar. For further information please 
contact: Mary Curtis, Editor, Dimensions, APEO, 1027 
Yonge St., Toronto, Ontario M4W 3E5. 


“L*1ZE" LGG wed 


vaV 


FIGURE 1 


Stratigraphy at pasture site with snowdepth from 
nearby ruler measurements and soil temperatures. 
Note that the K column is piaced on the right cf the 
profiles here (c.f. Figure 4). See aiso caption for 
Figure 2. 
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FIGURE 3 


Selected information from the Trent Weather Station to accompany Figures 1 and 2. This diagram is 
designed to fit below the time profile diagrams. Differences between air temperatures shown here 
and those in the snow and in the soi! beneath the snow provide another iilustration of the 
environmental roles of snowcover. 
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Snow time profile diagrams are simply diagrams of snow 
stratigraphy (based in pit measurements) plotted along a 
time axis. This gives a visual impression of developments 
in the snow during the winter and allows easy comparisons 
wih similar plots of weather (Figure 3) or other variables 
(e.g., soil temperature or accumulation of snow on the 
ground, Figures 1, 2), which may effect or be affected by 
changes in the pack. The stratigraphic diagrams are 
plotted according to a simple, internationally accepted, 
procedure (UNESCO, 1970), which makes it possible to 
compare data from different years and locations. The basic 
elements of this procedure are shown in Figure 4. In 
addition to being a useful device for displaying and ana- 
lysing snowcover properties, a good time profile diagram 
forms an excellent means of storing snow data so that 
comparisons can be made between winters. 

Snowcover at the two sites 

When considering the forest and pasture stratigraphics 
(Figures 1, 2), itis interesting to note both similarities and 
differences between the two sites. The similarities result 
from the two snowcovers being influenced by basically the 
same meteorological events and the differences are de- 
rived from the different topographic locations and vegeta- 
tive covers in which they are situated. 

Generally, the winter of 1980-1981 was very unusual in 
Peterborough. Both December and January were ab- 
normally cold, the January mean daily temperature equal- 
ling the 30 year(1941-1970) low, (Adams, 1978). February, 
on the other hand, was unusually warm with the mean daily 
temperature for the month being only 0.2°C lowerthan the 
highest on record. The winter was also abnormal with 
respect to precipitation, with very little snow in January 
and large amounts of rain in February ...38 mm more than 
the record high of 46.2 mm. 

The influence of these unusual meteorological cendi- 
tions is easily identified in the snow stratigraphies. The 
extreme cold of the later part of December and January 
(see Figure 3) caused a steep temperature gradient to 
exist within the snowpacks, as illustrated by the December 
20th profile at the pasture site (Figure1). This promoted 
the process of constructive metamorphism and resulted in 
the fast development of a deep layer of a type of snow 
crystal called “depth hoar’ (see LaChapelle, 1977). This 
type of crystal bonds poorly, is relatively large, and is cup- 
shaped. The crystals develop in a lattice work fashion, 
allowing many air spaces to form within the pack. Thus 
layers composed of “depth hoar” have low densities anda 
high insulating potential. “Depth hoar” continued to deve- 
lop rapidly at both sites until January 20th, which marked 
the end of the extremely cold period (see Figure 3). The 
thick layer of “depth hoar” (20-cm) remained until snow- 
melt. Although this type of snowpack development would 
not be unusual in the severe conditions of the Arctic, it is 
quite unusual for Peterborough as can be seen from past 
Peterborough snow Stratigraphy studies in Adams and 
Barr (1976). 

It can be seen from Figure 1, 2 and 3 that the first 
substantial melt did not occur until January 26th. Melt 
periods affect the snowpack significantly. The pack be- 
comes isothermal (its temperature is raised to the freezing 
point throughout), causing destructive metamorphism which 
results in a densification of the pack and a decrease in its 
depth. The evidence of the melt period remains in the 
snowpack either as an ice layer or as a hard packed snow 
layer. Likewise the other two melt events of February 1st 
and February 7th to 11th left their mark in the form of ice 
layers at the pasture site (e.g., February 14 profile), andas 
crust layers in the forest (e.g., February 12 profile). It is 
interesting to note that the large amount of rain (20.9 mm) 
received on February 10th and 11th did not cause a 
decrease in the depth of the pack. There appear to be two 
reasons for this. First, the rain saturated the snow rather 
than melting it, causing the densification and, upon freez- 
ing, the hardening of the top layers. Second, this rain was 
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followed by a sigificant snowfall as the temperature de- © 
clined during the storm (see Figure 3, and the profile for 
February 12th in Figure 2). These changes tended to 
improve travel conditions for animals, such as wolves and 
foxes, worsening them for deer. 

Peak snow occurred on February 11th, at both sites, 
following this snowfall. This then was an unusually rapid 
decline of the entire snowcover (compare Adams and Barr, 
1976), from peak to bare ground in nine and eleven days 
for pasture and forest respectively. This was the result of 
virtually continuous above-freezing temperatures and a 
further day of rain. A change of this sort could be cata- 
strophic for animals in the snow which, until this point, had 
had arelatively comfortable winter. This was, infact, a very 
short snowcover season for the region. 

Whenconsidering differences between the two sites, we 
realize that the pasture is considerably more exposed than 
the forest site. Exposure to the wind wouid thus seem to 
account for the relatively constant snow depth at the 
former, in contrast to the steady increase of snowdepth at 
the forest site, and for the difference in peak periods at the 
two sites. The compacting effect of wind (Figure 3) appears 
to have been slight as, if anything, densities are somewhat 
higher in the forest diagram. However, this may be the 
effect of extremely rapid constructive metamorphism, 
early in the winter, at the pasture site, producing a layer of 
loose, lower density, depth hoar crystals. Late in the 
winter, the strong crust limited the effects of wind at the 
pasture site. 

Concluding comments 

The intention here was to illustrate the potential of the 
time profile approach as a means of collecting, interpreting 
and storing snowcover information which can be used fora 
variety of environmental purposes. It should be stressed 
that the profiles presented were obtained by different 
observers for different purposes (Outerbridge, 1981; Strick 
land, 1981), so that differences in interpretation and 
emphasis are inevitably present in the record. Thus, the 
difference between “crust” and “ice layer” cited for Febru- 
ary 12th and 14th might be an example of a difference in 
interpretation. Several of the categories in Figure 4 are, in 
fact, quite subjective. Similarly, the omission of hardness 
from Figure 2 arises from the fact that that particular 
property was not required in the forest study. 

Another limitation, which was mentioned at the outset, is 
the fact that the pasture site, because of erosion and 
deposition by wind, does not lend itself to formal time 
profile work. It is not possible to follow the evolution of 
specific layers, with certainty, at sucha site. In fact, oftenin 
such cases, only the initial receipts of snow, held by the 
grass, persist at the site throughout the winter. 

Nevertheless, the cases presented here do serve to 
demonstrate that it is possible to collect and store infor- 
mation on snow stratigraphy which is meaningful for a 
variety of purposes other than those for which the mea- 
surements were originally intended. 
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